Three bacterial strains, designated DS48-6-5
Three bacterial strains, designated DS48-6-5
T , DS48-6-7 and DS48-6-9, were isolated from a sediment sample taken from Daechung Reservoir (Republic of Korea) at a water depth of 48 m. Cells of the strains were Gram-stain-negative, aerobic, rod-shaped and motile with a single polar flagellum. Comparative 16S rRNA gene sequence studies showed that the three isolates had clear affiliation with Betaproteobacteria and the closest relatives were Rhizobacter bergeniae KCTC 32299 T , Rhizobacter dauci DSM 11587 T and Rhizobacter fulvus KCTC 12591 T with 97.2-97.9 % 16S rRNA gene sequence similarities; the 16S rRNA gene sequence similarities between the three strains were 99.5-100 %. The only isoprenoid quinone of the three strains was ubiquinone-8, and the major fatty acids were summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) and C 16 : 0 . The G+C content of the genomic DNA of strains DS48-6-5
T , DS48-6-7 and DS48-6-9 was 66.7, 67.0 and 66.8 mol%, respectively. DNA-DNA hybridization values of the novel strains with R. bergeniae KCTC 32299 T , R. dauci DSM 11587 T and R. fulvus KCTC 12591 T were 19.3-48.5 %. Based on the evidence from this taxonomic study using a polyphasic approach, it is proposed that strains, DS48-6-5
T , DS48-6-7 and DS48-6-9, represent a novel species of the genus Rhizobacter, for which the name Rhizobacter profundi sp. nov. is proposed. The type strain is DS48-6-5 T (5KCTC 42645 T 5NBRC 111169 T ). Goto & Kuwata (1988) established the genus Rhizobacter based on a single species Rhizobacter daucus later corrected to Rhizobacter dauci (Trüper & de' Clari, 1998) , which causes galls on carrot roots. At the time of writing, the genus contains three species with validly published names: Rhizobacter bergeniae has been isolated from the root of Bergenia scopulosa (Wei et al., 2015) , Rhizobacter dauci from carrot galls (Goto & Kuwata, 1988) , and Rhizobacter fulvus from a ginseng soil sample (Yoon et al., 2007) . In addition, there is one species with a name that has not yet been validly published, 'Rhizobacter gummiphilus' from a soil sample (Imai et al., 2013) . The Rhizobacter group also includes a number of environmental clones of uncertain biological significance. Several of these clones have been found in biofilms of polluted rivers (Brümmer et al., 2003) , equine faecal samples (Simpson et al., 2004) and indoor dust (Rintala et al., 2008) in geographically deferent and distant sites around the world and most remain uncultured so far. Stackebrandt et al. (2009) replaced the genus Rhizobacter in the class Betaproteobacteria from the class Gammaproteobacteria based on the 16S rRNA gene sequence of Rhizobacter dauci H6 T , and also reclassified Methylibium fulvum (Yoon et al., 2007) as Rhizobacter fulvus based on its 16S rRNA gene sequence and chemotaxonomic characteristics. Here we describe three novel strains DS48-6-5
T , DS48-6-7 and DS48-6-9, and establish their taxonomic position using a polyphasic approach that includes phenotypic, chemotaxonomic properties and a detailed phylogenetic investigation based on their 16S rRNA gene sequences. Based on the results obtained, we propose that strains DS48-6-5 T , DS48-6-7 and DS48-6-9 should be placed into the genus Rhizobacter as representatives of a novel species.
A 48 m-deep sediment sample taken from Daechung Reservoir in South Korea was used as the source for isolating bacterial strains. Sediments were sampled using Wildco KB core sampler (USA) on a boat and after removing surface water were kept at 24 8C. Approximately 0.1 g sediment sample was serially diluted in sterile distilled water (0.85 saline solution), and a 100 ml aliquot of each serial dilution was spread on an R2A agar (Difco) and incubated at 25 8C aerobically. After 6 days, three brownish colonies, designated DS48-6-5
T , DS48-6-7 and DS48-6-9, appeared and were isolated. The isolates were routinely subcultivated on R2A agar at 30 8C and preserved in a glycerol solution (20 %) at 270 8C. For most experiments, all strains were cultivated on/in R2A agar or broth (Difco) at 30 8C for 5 days. R. bergeniae KCTC 32299 T , R. dauci DSM 11587
T and R. fulvus KCTC 12591 T were used as reference strains under the same conditions. Cell morphology and motility were observed under a phase-contrast microscope (Nikon Optiphot, 10006mag-nification) and a transmission electron microscope (CM-20; Philips) using cells grown on R2A agar for 5 days. The Gram reaction was determined using a Gram stain kit (Becton Dickinson) according to the manufacturer's instructions. Oxidase and catalase activities were tested using 1 % tetramethyl-p-phenylenediamine (Tarrand & Gröschel, 1982 ) and 3 % H 2 O 2 , respectively. Cell growth was investigated on tryptic soy agar (TSA; Difco) and Luria-Bertani (LB; Difco) medium. Growth at different temperatures (4, 8, 10, 15, 20, 30, 37 and 42 8C) , and in different NaCl concentrations [0, 0.5, 1, 2, 3, 4 and 5 % (w/v)] was investigated on R2A agar. Growth at different pH values (pH 5-10 at intervals of 1 pH unit) was determined in R2A broth using appropriate biological buffers: Na 2 HPO 4 /NaH 2 PO 4 buffer for pH 5-7and Na 2 CO 3 / NaHCO 3 buffer for pH 8-10 (Bates & Bower, 1956; Gomori, 1955) . Tests for carbon source utilization, acid production, enzyme activity and additional physiological characteristics were performed using API 20NE, API ID 32 GN, API CH 50 and API ZYM galleries (bioMérieux) and GN2 MicroPlates (Biolog) according to the instructions of the manufacturer.
For fatty acid profiling, strains DS48-6-5
T , DS48-6-7, DS48-6-9, R. bergeniae KCTC 32299 T , R. dauci DSM 11587 T and R. fulvus KCTC 12591 T were cultured on R2A agar for 5 days at 30 8C. Fatty acid methyl esters from cells in the stationary phase were saponified, methylated, extracted and analysed (Sasser, 1990) according to the protocol of the Sherlock Microbial Identification System (MIDI). Standardization of the physiological age of all strains was based on selecting a sector from a quadrant streak according to the protocol (http://www.microbialid. com/PDF/TechNote_101.pdf) given by MIDI. The extracted fatty acids were then analysed using GC (6890; Hewlett Packard) and identified in the TSBA 6 database using Sherlock software 6.1. Isoprenoid quinones were extracted and analysed by HPLC (Shimadzu) with a YMC-Pack ODS-A column, following the method described by Komagata & Suzuki (1987) . Genomic DNA base composition (G+C content) was determined by HPLC after hydrolysis, as described by Tamaoka & Komagata (1984) , with non-methylated l DNA (Sigma) used as a standard.
Extraction of genomic DNA and amplification of the 16S rRNA genes were completed following the method described by Jin et al. (2015) , and the purified PCR products were sequenced by BIOFACT (http://bio-ft.com/). The 16S rRNA gene sequences retrieved from the NCBI database (http://www.ncbi.nlm.nih.gov) were aligned by CLUSTAL X (Thompson et al., 1997) , and edited with BioEdit (Hall, 1999) . Phylogenetic trees were reconstructed with neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) , and maximum-likelihood (Felsenstein, 1981) algorithms using MEGA 5 software (Tamura et al., 2011) . The percentages for the replicate trees in which the associated taxa were clustered together in a bootstrap analysis (Felsenstein, 1985) were calculated based on 1000 resamplings of the sequences. DNA-DNA hybridizations were performed fluorometrically between strains DS48-6-5
T , DS48-6-7 and DS48-6-9, and the type strains of the recognized species by the method of Ezaki et al. (1989) using DNA probes labelled with photobiotin (A1935; Sigma) and microdilution wells (96-well microplate; Greiner Bio-One).
Cell growth was observed at temperatures from 8 to 30 8C; no growth was observed at 4 8C or 37 8C. Growth was observed at pH 6-9, with optimum growth at pH 7 and no growth at pH 5 or pH 10. Colonies on R2A agar were smooth, circular, convex and brownish. Cells were Gramstain-negative, motile with a single flagellum and rodshaped (Fig. S1 , available in the online Supplementary Material). Strains DS48-6-5
T , DS48-6-7 and DS48-6-9 were distinguishable from closely related species of the genus Rhizobacter in terms of carbon source utilization and enzyme activities. The novel strains could be differentiated from all other species of the genus Rhizobacter by not assimilating mannitol and by not producing alkaline phosphatase. The detailed physiological and biochemical characteristics of the novel strains are summarized in Tables 1 and 2 and in the species description.
The almost-complete 16S rRNA gene sequences of strains DS48-6-5 T (approx. 1408 nt), DS48-6-7 (approx. 1415 nt) and DS48-6-9 (approx. 1402 nt) were determined and compared with those of representative species within the genus Rhizobacter and other related strains in the EzTaxon database (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . All three strains showed highest 16S rRNA gene sequence similarities of 97.2-97.9 % with R. bergeniae KCTC 32299 T , R. dauci DSM 11587 T and R. fulvus KCTC 12591
T . Strains DS48-6-7 and DS48-6-9 shared 100 % 16S rRNA gene sequence similarity with each other and 99.5 % with strain DS48-6-5
T . All three strains fell clearly within the clade for the genus Rhizobacter (Fig. 1) . DNA-DNA hybridization experiments were Table 1 . Phenotypic and chemotaxonomic characteristics distinguishing strains DS48-6-5 T , DS48-6-7 and DS48-6-9 from other recognized species of the genus Rhizobacter Strains: 1, DS48-6-5 T ; 2, DS48-6-7; 3, DS48-6-9; 4, R. bergeniae KCTC 32299 T ; 5, R. dauci DSM 11587 T ; 6, R. fulvus KCTC 12591 T . All data are from this study unless otherwise indicated. All strains were positive for esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphohydrolase and leucine arylamidase activities. All strains were negative for arginine dihydrolase, gelatin hydrolysis, indole production, and activities of N-acetyl-b-glucosaminidase, a-galactosidase, b-glucuronidase, a-fucosidase, lipase (C14), a-mannosidase and trypsin. +, Positive; 2, negative; W, weakly positive. performed to confirm the taxonomic status of the novel strains; values are expressed as the mean of triplicate experiments. Strain DS48-6-5 T shared 80.3 % (reciprocal 84.2 %) and 85.2 % (reciprocal 89.9 %) DNA-DNA relatedness with strains DS48-6-7 and DS48-6-9, respectively, suggesting that three novel strains should be classified to the same species. Strain DS48-6-5
T showed DNA-DNA relatedness values of 34.3 % (reciprocal 30.9 %) with R. bergeniae KCTC 32299 T , 19.3 % (reciprocal 24.8 %) with R. dauci DSM 11587 T and 24.9 % (reciprocal 27.3 %) with R. fulvus KCTC 12591
T . Strains DS48-6-7 and DS48-6-9 also showed values (Table S1 ) well below the 70 % cut-off point (Wayne et al., 1987) , indicating the designation of all the isolates as representative of novel species.
The G+C content of the genomic DNA of the three novel strains was 66.7-67.0 mol%. The major fatty acids were summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) and C 16 : 0 . The major fatty acids in strains DS48-6-5
T , DS48-6-7 and DS48-6-9 were consistent with the predominant fatty acid components in species of the genus Rhizobacter. However, some qualitative and quantitative differences in the fatty acid profiles were observed. The presence of C 10 : 0 2-OH, C 14 : 0 2-OH, summed feature 2 and summed feature 7, the absence of C 12 : 0 , and high levels of summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) allowed the novel strains to be differentiated from the three other species of the genus Rhizobacter ( Table 2 ). The only isoprenoid quinone was ubiquinone-8 (Q-8). Therefore, the chemotaxonomic data together with the results of the phylogenetic analysis support the affiliation of strains DS48-6-5
T , DS48-6-7 and DS48-6-9 to the genus Rhizobacter.
The mean DNA-DNA relatedness value between the three novel strains and the type strains of species of the genus Rhizobacter was 19.3-48.5 %, when their individual DNAs were used as labelled DNA probes for cross-hybridization. This value indicated that those isolates represent different genomic species (Wayne et al., 1987) . The three novel strains also differed from other members of the genus Rhizobacter in several phenotypic characteristics, as shown in Table 1 . The phylogenetic and genetic distinctiveness and differential phenotypic properties were sufficient to categorize the three strains as members of a species distinct from other species of the genus Rhizobacter. Therefore, on the basis of the data presented, strains DS48-6-5 T , DS48-6-7 and DS48-6-9 represent a novel species of the genus Rhizobacter, for which the name Rhizobacter profundi sp. nov. is proposed.
Description of Rhizobacter profundi sp. nov.
Rhizobacter profundi (pro.fun9di. L. gen. neut. n. profundi of a deep place).
Cells are Gram-stain-negative, motile with a single polar flagellum, and rod-shaped when grown for 3 days at 30 uC on R2A agar. Colonies are smooth, circular, convex, and brownish on R2A agar. Good growth is observed on R2A agar at 30 uC. Catalase-negative and oxidase-positive. Growth occurs at temperatures from 8 to 30 uC, but not at 4 uC or 37 uC. The optimal pH for growth is 7.0; growth occurs at pH 6.0 and pH 9.0, but not at pH 5.0 or pH 10.0. No growth occurs in the presence of NaCl (1-5 %, w/v). Positive for glucose acidification, but negative for indole production, arginine dihydrolase, urease, aesculin hydrolysis, gelatin hydrolysis, and b-galactosidase; variable for nitrate reduction (positive for type strain). In carbon source utilization tests, positive for DL-lactic acid, but negative for acetic acid, N-acetyl-D-galactosamine, N-acetyl-Dglucosamine, cis-aconitic acid, adipic acid, adonitol, L-alaninamide, DL-alanine, L-alanyl glycine, L-asparagine, L-aspartic acid, c-aminobutyric acid, 2-aminoethanol, L-arabinose, L-arabitol, 2,3-butanediol, capric acid, DL-carnitine, Dcellobiose, citric acid, a-cyclodextrin, dextrin, i-erythritol, DL-fructose, L-fucose, D-galactonic acid lactone, D-galactose, Table 2 . Cellular fatty acid contents (%) of strains DS48-6-5 T , DS48-6-7 and DS48-6-9, and type strains of related species of the genus Rhizobacter Strains: 1, DS48-6-5 T ; 2, DS48-6-7; 3, DS48-6-9; 4, R. bergeniae KCTC *Summed features are groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 2 contained C 12 : 0 aldehyde and/or unknown 10.98; summed feature 3 contained C 16 : 1 v6c and/or C 16 : 1 v7c; summed feature 4 contained C 17 : 1 iso I and/or anteiso B; summed feature 7 contained C 19 : 1 v6c and/or unknown 18.846; summed feature 8 contained C 18 : 1 v6c and/or C 18 : 1 v7c.
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